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User Association and Path Planning for UAV-Aided Mobile Edge
Computing With Energy Restriction

Yuwen Qian , Feifei Wang, Jun Li , Long Shi , Kui Cai , and Feng Shu

Abstract—Mobile edge computing (MEC) provides
computational services at the edge of networks by offloading
tasks from user equipments (UEs). This letter employs an
unmanned aerial vehicle (UAV) as the edge computing server
to execute offloaded tasks from the ground UEs. We jointly
optimize user association, UAV trajectory, and uploading power
of each UE to maximize sum bits offloaded from all UEs to the
UAV, subject to energy constraint of the UAV and quality of ser-
vice (QoS) of each UE. To address the non-convex optimization
problem, we first decompose it into three subproblems that
are solved with integer programming and successive convex
optimization methods respectively. Then, we tackle the overall
problem by the multi-variable iterative optimization algorithm.
Simulations show that the proposed algorithm can achieve a
better performance than other baseline schemes.

Index Terms—Mobile edge computing, UAV, user association,
uploading power, trajectory optimization.

I. INTRODUCTION

MOBILE edge computing (MEC) has been emerging
as a promising technology that enables computation-

ally complex applications at resource-limited user equip-
ments (UEs) [1]. By offloading resource-consuming tasks and
caching popular resources at the edge servers, MEC can
greatly alleviate computational burden on the UEs and reduce
data processing delay [2]. Furthermore, in rural and remote
areas, it is not viable to deploy a large number of static
servers for offloading tasks, due to complicated terrains and
high costs. In these scenarios, mobile servers are more capable
of combating uncertain environments than the static ones.

Among existing MEC strategies, the unmanned aerial vehi-
cle (UAV) mounted MEC has attracted much attention because
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of its excellent maneuverability and low cost. In [3], the tra-
jectory of a single UAV base station and user scheduling were
jointly optimized to maximize the minimum average upload-
ing rate of UEs, but it did not consider the battery capacities
of UAVs. In practice, energy consumption of an UAV is a
major issue when dealing with flight trajectory and offloaded
tasks. In light of this, a recent work [4] proposed an UAV-
based MEC system that enables computing capabilities of the
UAV to offer UEs with computation offloading services. This
letter aims at minimizing the overall energy consumption of
the ground UEs under the UAV energy constraint by jointly
optimizing task allocation and UAV trajectory.

In this letter, we study a novel UAV-aided MEC strategy to
offer the ground UEs with efficient computational services.
Our goal is to maximize sum bits offloaded from all UEs
to the UAV subject to UAV energy constraint and quality of
service (QoS) requirement of each UE. Toward this end, we
jointly optimize user association, UAV trajectory, and upload-
ing power of each UE. To solve this optimization problem,
we decompose it into three separate subproblems, solve each
subproblem by integer programming and successive convex
optimization methods, and optimize the overall problem by
applying multi-variable fixed iterative algorithm. Simulation
results not only show that the UAV with optimized trajec-
tory can improve the sum bits, but also reveal the impact
of design parameters on the system performance, thereby
providing guideline for the UAV deployment in MEC.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model

As shown in Fig. 1, we consider that a single UAV provides
computational services for K ground UEs, where the UAV flies
over the UEs and receives the tasks. Meanwhile, the UAV with
MEC servers executes these offloaded tasks from each UE and
communicates with UEs to deliver the computational results.
Also, UEs are distributed randomly each with a location zk =
(xk , yk ), k ∈ {1, 2, . . .K} over a 2-D coordinate plane.

Let T denote a task-offload period. During this period, the
UAV departs from the origin, flies over the UEs for offloading
tasks, and finally stops at a preset point qT = (xT , yT ). We
divide T into N equal time slots with the duration of each
time slot being δt = T

N . Considering that each time slot is
sufficiently small, the UAV location in the n-th time slot is
q[n] = (x[n], y[n]). Let {q} = {q[n], ∀n} denote a UAV tra-
jectory over N time slots with q[N ] = qT . In this letter, we
only consider UAV flight altitude is fixed as a constant H.
In addition, the UAV velocity ν[n] in the n-th time slot is
constrained by the maximum velocity νmax as follows:

ν[n] =
‖q[n + 1]− q[n]‖

δt
≤ νmax, ∀n. (1)
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Fig. 1. The UAV-aided MEC system.

Let bk [n] be a binary variable of user association that indi-
cates whether UE k is served by the UAV in the n-th time
slot. If bk [n] = 1, the UAV receives workload from UE k in
the n-th time slot, otherwise bk [n] = 0. At each time slot,
the UAV serves at most one ground UE in the time division
multiple access manner. These yield the following constraints:

∑K

k=1
bk [n] = 1, bk [n] ∈ {0, 1}, ∀n, ∀k . (2)

In this letter, we focus on the data uploading from the UEs to
the UAV only and ignore latency caused by data downloading
from the UAV to the UEs, as the size of computational results
from the UAV is much less than that of offloaded tasks from
the UEs. Consider that the channel between UAV and the UEs
is line-of-sight (LoS) [3]. As such, the channel power gain
between UE k and the UAV in the n-th time slot is given by

hk [n] =
ρ0

H 2 + ‖q[n]− zk‖2
, ∀n, (3)

where ρ0 denotes the channel power gain at the reference dis-
tance of 1m and the 3-D distance from UE k to the UAV is√

H 2 + ||q[n]− zk ||2. From (3), the uploading rate (bits/s/Hz)
from UE k to the UAV is given by

Rk [n] = log2

(
1 +

pk [n]hk [n]

σ2

)
, ∀n, ∀k , (4)

where σ2 is the power of additive white Gaussian noise
(AWGN) at the UAV and pk [n] is the uploading power of
UE k in the n-th time slot. Furthermore, we have

∑N

n=1
pk [n]δt ≤ EU, ∀k , (5)

pk [n] ≥ Pmin, ∀n, ∀k , (6)

where (5) indicates that the total uploading energy of each UE
over N time slots is upper bounded by the constant EU and (6)
shows that the minimum uploading power Pmin of each UE
to support the transmission of basic information to the UAV.
From (4), the bits offloaded from each UE to the UAV over
N time slots are given by

Sk =

(∑N

n=1
bk [n]Rk [n]

)
δtB , ∀k , (7)

where B is the channel bandwidth. To meet the quality of
service (QoS) of each UE, Sk yields

Sk ≥ Dk , ∀k , (8)

where Dk denotes the minimum offloaded bits of UE k to
guarantee its QoS. The energy consumption of the UAV is
mainly caused by flight and computation. On one hand, with
reference to [4], the energy consumed by the UAV flight in the

n-th time slot is eF[n] = κν2[n], ∀n , where κ = 0.5M δt with
M being the UAV weight. On the other hand, the computation
energy for UE k is given by

ek = γCCkSk (fC)
2, ∀k , (9)

where Ck denotes the number of CPU cycles for computing
every bit of UE k, fC is the CPU frequency of the MEC servers,
and γC is the effective switched capacitance [4].

Consider that the energy limit of UAV battery is E0.
We restrict the total energy consumption comprising EF =∑N

n=1 eF[n] and EC =
∑K

k=1 ek to be EF + EC ≤ E0.

B. Problem Formulation

Define Ŝ =
∑K

k=1 Sk as the sum bits from all UEs to the
UAV. On one hand, achieving higher uploading rate motivates
the UAV to fly closer to the UE, which in turn consumes
more flight energy. On the other hand, the more tasks the
UEs offload, the more computation energy the UAV consumes.
Driven by these observations, our objective is to maximize
the sum bits subject to battery energy and QoS constraints.
Towards this end, we jointly optimize the user association {b},
UAV trajectory {q}, and UE uploading power {p} as

P : max
{b},{q},{p}

Ŝ (10a)

s.t. Sk ≥ Dk , ∀k , (10b)

EC + EF ≤ E0, (10c)

q[N] = qT, (10d)

(1), (2), (5), and (6), (10e)

where {b} = {bk [n], ∀n, ∀k} and {p} = {pk [n], ∀n, ∀k}.

III. PROBLEM OPTIMIZATION

This section decouples P into three subproblems and solves
the problem by the multi-variable fixed iterative algorithm.

A. User Association Optimization

Given the optimized UAV trajectory and uploading power
of each UE (see line 3 of Algorithm 1 in Section III-D), this
subproblem is to maximize the sum bits by optimizing the
user association. As such, we can rewrite P as

P1 : max
{b}

Ŝ (11a)

s.t. (10b), (10c), and (2). (11b)

Note that P1 is an integer programming problem. In this letter,
we can solve P1 by branch and bound algorithm [5].

B. Trajectory Optimization

This part focuses on the trajectory design based on the opti-
mized user association and uploading power of each UE (see
line 4 of Algorithm 1). First, we can rewrite P as

P2 : max
{q}

Ŝ (12a)

s.t. (10b), (10c), (10d), and (1). (12b)

Note that P2 is an intractable problem due to the non-convex
expression Rk [n] with respect to q[n]. However, it is convex
with respect to ‖q[n]− zk‖2. Let {qr} = {qr [n], ∀n} be the
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optimized trajectory in the r-th iteration (see Algorithm 1).
Then we can replace Rk [n] with its first-order Taylor expan-
sion at qr [n]:

Rk [n] = log2

(
1 +

ρ0pk [n]

σ2(H 2 + ‖q[n]− zk‖2)

)

≥ Ar
k [n]

(
‖q[n]− zk‖2 − ‖qr [n]− zk‖2

)
+W r

k [n]

= R
low,r
k [n], (13)

where W r
k [n] and Ar

k [n] are the coefficients of Taylor expan-
sion of Rk [n] at qr [n] with respect to ‖q[n]− zk‖2 and the
inequality holds since any convex function is globally lower-
bounded by its first-order Taylor expansion at any point [3].
Plugging (13) into (7), we further have

S low,r
k =

∑N

n=1

(
bk [n]R

low,r
k [n]

)
δtB (14)

as the lower-bound approximation of Sk in (10b). Accordingly,
Ŝ in (12a) can be replaced with Ŝ low,r =

∑K
k=1 S

low,r
k .

For the non-convex constraint of (10c), we derive a convex
upper bound of non-convex function Rk [n]. For any qr [n],
the following convex approximation function is a global upper
bound of Rk [n] [6], given by

Rup,r
k [n] = W r

k [n] + (∇q[n]Rk [n])
T
qr [n](q[n]− qr [n])

+
L∇Rk [n]

2
‖q[n]− qr [n]‖2, (15)

where (∇q[n]Rk [n])qr [n] denotes the gradient of the non-
convex function Rk [n] at qr [n] and T denotes the transpose.
Notably, (∇q[n]Rk [n])qr [n] is Lipschitz continuous with con-
stant L∇Rk [n] = max{‖∇2Rk [n]‖2} [7], where ∇2 is Hessian
matrix of Rk [n] and ‖·‖2 is the spectral norm of a matrix.
Plugging (15) into (7) and (9), we can rewrite P2 as

P ′
2 : max

{q}
Ŝ low,r (16a)

s.t. S
low,r
k ≥ Dk , (16b)

Eup,r
C + EF ≤ E0, (16c)

(10d), and (1), (16d)

where E
up,r
C is the upper bound of EC with respect

to R
up,r
k [n]. Therefore, P ′

2 becomes a convex problem,
since (16a) and the left-hand-side (RHS) of (16b) are con-
cave and the RHS of (16c) is convex. Finally, we solve P ′

2 by
standard convex optimization techniques [8].

C. Uploading Power Optimization

Given the optimized user association and UAV trajectory
(see line 5 of Algorithm 1), we can rewrite P as

P3 : max
{p}

Ŝ (17a)

s.t. (10b), (10c), (5), and (6). (17b)

Let prk [n] be the optimized uploading power in the r-th
iteration. Similar to (13) in P2, we can replace Rk [n] with
its first-order Taylor expansion at prk [n], because any concave
function is globally upper-bounded by its first-order Taylor
expansion at any point [3]. Then, EC can be replaced by its

Algorithm 1 Multi-Variable Fixed Iterative Algorithm
1: Set r = 0 and the tolerance error ε. Initialize UAV trajectory{

q0
}

and UE uploading power {p0}.
2: repeat
3: Given

{
qr

}
and {pr}, find

{
br+1

}
by solving P1;

4: Given
{
br+1

}
and {pr}, find

{
qr+1

}
by solving P ′

2;

5: Given
{
br+1

}
and

{
qr+1

}
, find {pr+1} by solving P ′

3;

6: Compute Ŝr+1 using
{
br+1

}
,
{
qr+1

}
and {pr+1}.

7: r ← r + 1.
8: until |Ŝr+1 − Ŝr | ≤ ε.

upper bound E
up,r
C,power, which is a convex function with respect

to prk [n]. As such, we can rewrite P3 as

P ′
3 : max

{p}
Ŝ (18a)

s.t. E
up,r
C,power + EF ≤ E0, (18b)

(10b), (5), and (6), (18c)

Note that P ′
3 is a convex problem and we solve it by the

standard convex optimization method [8].

D. Overall Optimization

In this part, we solve the overall problem P by the multi-
variable fixed iterative algorithm as shown in Algorithm 1.

IV. NUMERICAL RESULTS

In this section, we evaluate performance of the proposed
algorithm. We set a period of T = 120s with N = 50 time
slots. The number of the UEs is K = 8. The UAV altitude
is H = 50m and its weight is M = 10kg. The noise power
is σ2 = −140dB. The channel bandwidth is B = 10MHz.
The channel power gain at the reference distance is ρ0 =
−50dB. The number of CPU cycles Ck for each UE is shown
in the data box of Fig. 2. We set EU = 36J in (5) and initial
pk[n] = 0.3W in (6). The effective switched capacitance is
γC = 10−27 [9] and the initial trajectory is set as a ring.

Fig. 2 depicts the optimized trajectories under different bat-
tery energy, where the stars illustrate the locations of the UEs.
The data box shows the minimum offloaded bits Dk and the
bits Sk from UE k when battery energy E0 = 360kJ. First,
larger battery energy contributes to larger UAV coverage area.
When E0 is small, e.g., E0 = 120kJ, the UAV flies towards
the UEs closer to the initial trajectory such as UEs 5 and 8,
in order to save flight energy. Conversely, when E0 is suffi-
ciently large, e.g., E0 = 360kJ, the UAV can reach the location
of each UE to obtain higher uploading rate. Second, from the
density of sampling points, we find that the UAV reduces the
speed to collect more tasks as it flies closer to the UE. For
example, the velocity ν′ < ν, as it is observed that the UAV
flies different distances over the same period of time. Third,
from Dk and Sk in the data box, the UEs closer to the initial
trajectory offload more bits than those farther from the trajec-
tory. For example, S7 > S6 as UE 7 is closer to the initial
trajectory than UE 6. Fourth, we observe that larger Ck results
in less offloaded bits due to higher computational complexity.
For example, S1 < S5 as C1 > C5.
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Fig. 2. Optimized trajectory of UAV-aided MEC with fC = 2GHz and
νmax = 30m/s.

Fig. 3. Optimized uploading power pk [n] versus time slots, where the dashed
and solid lines correspond to E0 = 360kJ and E0 = 120kJ respectively.

Fig. 4. The UAV velocity ν[n] versus time slots.

Fig. 3 shows the optimized uploading power for all UEs
in each time slot based on the optimized trajectory in Fig. 2,
where the dashed and solid lines correspond to E0 = 360kJ
and E0 = 120kJ respectively. Lines with different colors rep-
resent different UEs. First, the UE keeps the uploading power
invariant when it is served by the UAV, while the UE maintains
the minimum communication power Pmin = 0.1W if it is not
served. That is because the channel power gain between the
UAV and its served UE is almost unchanged during its service
period. Second, the uploading power of each UE increases as
E0 rises when it is served by the UAV, since each UE can
upload more bits to the UAV with larger computation energy.
Third, UE 3 has the highest uploading power when it is served
among all UEs. This is due to the fact that UE 3 requires the
largest computation energy for each bit (see C3 in Fig. 2) and
its location is relatively farther from the initial trajectory.

Fig. 4 depicts the UAV velocity in each time slot versus
maximum velocity under sufficient battery energy E0 = 360kJ.
The other parameters are the same with Fig. 2. First, when
νmax = 10m/s, the UAV needs to fly at this νmax over all
time slots to serve each UE. Second, when νmax = 30m/s, the
UAV first flies towards the UE quickly at this νmax, and then
it reduces speed to collect more tasks as it reaches the location
of each UE as Fig. 2 shows. Third, from each data box, we

Fig. 5. The sum bits Ŝ versus battery energy E0 with Dk = 0.1Gb.

observe that increasing maximum velocity not only increases
sum bits Ŝ but also consumes more flight energy.

Fig. 5 examines the impact of battery energy E0 on the sum
bits Ŝ , where Scheme I optimizes P1 and P2 under fixed UE
uploading power [3], and Scheme II optimizes P1 under fixed
UAV trajectory and UE uploading power. First, the proposed
algorithm improves Ŝ by 16.8% and 37.3% compared with
Scheme I and Scheme II respectively. Second, Ŝ goes up as E0
increases and Ŝ reaches the peak due to the limited uploading
power. For example, for the proposed algorithm at fC = 1GHz,
Ŝ rises as E0 goes up and retains the peak at 22.2Gb when
E0 ≥ 280kJ. Third, for any fixed battery energy, Ŝ drops as
fC increases. This is caused by the fact that the increase of fC
consumes more computing energy.

V. CONCLUSION

We have optimized user association, the trajectory of UAV
and UE uploading power to maximize the sum bits of offloaded
tasks in the UAV-aided MEC system subject to the UAV bat-
tery energy and QoS constraints, using integer programming
and successive convex optimization methods. Moving forward,
it is of interest to study dynamic MEC systems where wireless
channels, user locations, and UE tasks evolve in real time.

REFERENCES

[1] Y. Mao, C. You, J. Zhang, K. Huang, and K. B. Letaief, “A sur-
vey on mobile edge computing: The communication perspective,” IEEE
Commun. Surveys Tuts., vol. 19, no. 4, pp. 2322–2358, 4th Quart., 2017.

[2] J. Li et al., “Pricing and resource allocation via game theory for a small-
cell video caching system,” IEEE J. Sel. Areas Commun., vol. 34, no. 8,
pp. 2115–2129, Aug. 2016.

[3] Q. Wu, Y. Zeng, and R. Zhang, “Joint trajectory and communication
design for UAV-enabled multiple access,” in Proc. IEEE Glob. Commun.
Conf., Singapore, Dec. 2017, pp. 1–6.

[4] S. Jeong, O. Simeone, and J. Kang, “Mobile edge computing via a UAV-
mounted cloudlet: Optimization of bit allocation and path planning,” IEEE
Trans. Veh. Technol., vol. 67, no. 3, pp. 2049–2063, Mar. 2018.

[5] L. A. Wolsey, Integer Programming. New York, NY, USA: Wiley, 1998.
[6] G. Scutari, F. Facchinei, and L. Lampariello, “Parallel and distributed

methods for constrained nonconvex optimization—Part I: Theory,” IEEE
Trans. Signal Process., vol. 65, no. 8, pp. 1929–1944, Apr. 2017.

[7] D. Bertsekas and J. N. Tsitsiklis, Parallel and Distributed Computation:
Numerical Methods (Partial Solutions Manual). Belmont, MA, USA:
Athena Sci., 2015.

[8] S. Boyd and L. Vandenberghe, Convex Optimization. Cambridge, U.K.:
Cambridge Univ. Press, 2004.

[9] Y. Mao, J. Zhang, S. H. Song, and K. B. Letaief, “Stochastic joint
radio and computational resource management for multi-user mobile edge
computing systems,” IEEE Trans. Wireless Commun., vol. 16, no. 9,
pp. 5994–6009, Sep. 2017.

Authorized licensed use limited to: NANJING UNIVERSITY OF SCIENCE AND TECHNOLOGY. Downloaded on January 12,2021 at 01:50:44 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


